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Effect of N, Flow Rate on the Structure, Mechanics and Thermal Stability of
CrAIYN Coating

FU Yingying' JI Li? WANG Xiang’ DONG Xiangcheng' GUO Hongjian®
(1 Bailie School of Petroleum Engineering, Lanzhou City University, Lanzhou 730070)
(2 National Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000)
(3 School of Bailie Mechanical Engineering, Lanzhou City University, Lanzhou 730070)

Abstract The flow rate of N, had a significant impact on the structure and performance of CrAIYN coatings, so
this study systematically investigated the influence of N, flow rate on the structure, mechanical properties, and
thermal stability of CrAIYN coatings. The results show that as the N, flow rate increases from 23 mL/min to 38 mL/
min, the nitrogen content in the coating increases from 26. 45 at. % to 52. 20 at. %. When the N, flow rate is 33 mL/
min, the nitrogen content in the coating is 49. 00 at. %, and the elemental composition conforms to the stoichiometric
ratio. The coating has the highest hardness and resistance to plastic deformation. XRD and TEM analyses show that
coatings with low N, flow rate has a nanocrystalline structure and lower hardness. The coatings with high N, flow rate
has a columnar crystal structure, and the injection of nitrogen atoms increases the compressive stress of the coating
and reduces its hardness. The coating with a N, flow rate of 33 mL/min has smaller grains and a dense structure, with
a hardness of 24. 6 GPa. After annealing at 1 000 °C, the coating shows slight oxidation and a hardness of 18. 4
GPa, which is higher than that of coatings with other N, flow rates, indicating that this CrAIYN coating has the best
overall performance.

Key words N, flow rate, CrAIYN coating, Microstructure , Hardness , Thermal stability
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Tab. 1 Chemical compositions of coatings with different

N, flow rate
A2 1/ at. %
N, ¥t £/ (mL/min)
Cr Al Y N
23 50.67 21.55 1.33 26.45
28 36.80 23.10 1.20 38.50
33 22.94 27.02 1.04 49.00
38 25.84 20.85 1.11 52.20

B 1R T iR )2 A & 2 (CreAl+Y)/N BE N,
Wi M AS A . N, IR A 23 mL/min 34 K F) 33
ml/min B, 332 0 0 e TG i, T R — 2
KK 38 mL/min B, & & E B ISR . 7E CrAIYN IR
B YA B IR (CreAl+Y) 5N R F A diin1:1
B RERFA AT . SR, 2 N, it 4 38 mL/
min B, %% 2 B R & BT 50 at. %, X & T
RIRTFREARON SRR . &R A Sl R
J2 TR R 3 3SR X 4 A R P e L — o R
I, 7€ 33 mL/min N il £ 19782 T R A AT A e
TR, e B2 BB B E iR e T .

& 2 AN [R] N, i i B DURRI CrATY N ¥ )2 10 W T
HAEER), 2N, i 23 mL/min 5}, 3 2 Wi e 50

55 - 3.
T . 0

50t ~ (Cr+Al+Y)N_—

{25

Rl z
oE 40F {20 5
s =
z - +

35 15 d

30F

sl — . 110

20 22 24 26 28 30 32 34 36 38 40
Nz‘ifﬁ:ﬁ/(m]_/min)
E1 BZEH N SR (CrrAl+Y)/N BN, Fi i A28 1k
Fig. 1 The variation of nitrogen content and (Cr+Al+Y)/N in

the coating with the N, flow rate
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Fig. 2 Cross—sectional FESEM images of the coatings prepared with different N, flow rates
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Fig. 3 XRD patterns of the coatings prepared with different N,

flow rates
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Fig. 4 TEM image and SAED pattern of the coating prepared at
a N, flow rate of 23 mL/min
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flow rates
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Fig. 7 XRD patterns of the coatings prepared with different N, flow rates before and after annealing treatment at 1 000 ‘C
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different N, flow rates before and after annealing treatment at
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